The thymus of a myasthenia gravis (MG) patient is often accompanied by and effected with follicular hyperplasia. Inflammatory cytokines in thymus induce the formation of germinal centres (GC). MG thymic inflammatory cytokines are predominantly secreted by stromal cells. Our previous studies revealed that the expression level of the Fra1 protein, which is a Fos member of the activator protein 1 transcription factors (AP-1), was higher in the MG thymus compared with that of the normal thymus. Based on that, we demonstrated that Fra1 was mainly expressed in medulla thymic epithelial cells (mTECs) and that the rate of Fra1 positive mTECs in the MG thymus was higher than normal. In vitro, we found that the expression of CCL-5, CCL-19 and CCL-21 could be regulated by Fra1 in mTEC and that IL-1b, IL-6, IL-8 and ICAM1 were downregulated in the Fra1 overexpression group and upregulated in the Fra1 knock-down group. Meanwhile, we detected that the expression levels of suppressor of cytokine signalling 3 (SOCS3) were significantly upregulated along with the overexpression of Fra1. Hence, we considered that the overexpression of Fra1 disrupted inflammatory cytokine secretion by mTEC in the MG thymus and that STAT3 and SOCS3 were strongly involved in this process.
| INTRODUCTION
Myasthenia gravis is an autoimmune disease that is mediated primarily by antibodies against the acetylcholine receptor (AChR) and is characterized by abnormal fatigability. 1 The thymus is the main site of immune sensitization to AChR in myasthenia gravis (MG). Most patients are reported to be effected by thymic pathology, which could be in the form of follicular hyperplasia or a thymoma.
There is a correlation between the degree of follicular hyperplasia and the level of anti-AChR antibodies. 2 The role of the thymus in MG patients has been further emphasized by the fact that thymectomy frequently decreases the symptoms of the disease. 3 In the early onset form of the disease, MG patients are often present with thymic follicular hyperplasia and a thymoma (85% of cases), which is characterized by the formation of GC and signs of inflammation. 4 Therefore, MG thymus not only supports the body's own reactive T cell maturity, but also constitutes of the environment suitable to activate T cells, which can further induce B cells to produce antibodies. Some reports revealed that the expression levels of IL-2, IL-10, IL-13 and IL-17 rise in MG patients. [5] [6] [7] [8] Follicular hyperplasia is also characterized by active neoangiogenesis and increases chemokine synthesis, such as CXCL-13 and CCL-21, which plays a major role in the generation of GC.
In the thymus pertaining to a MG patient, CXCL-13, CCL-21 and CXCL-12 are overexpressed. 9 Additionally, the inflammatory environment, which recruits peripheral B cells, and together with the overexpression of the autoLi and Ni equally contributed to this study.
T cell development is dependent on mutual interactions between thymocytes and stromal cells in the thymus. The thymic stromal cell consists of epithelial cells, macrophages, dendritic cells and fibroblasts, all of which are important in the process of T cell maturity and differentiation. It must be pointed out that thymic epithelial cells (TECs) are the major stromal cells to constitute microenvironment. The three-dimensional network structure composed of TECs is filled with a large number of thymocytes of different developmental stages. 13, 14 In the meantime, TECs are also the major cells that produce cytokines. Fosrelated antigen-1 (Fra1) is one of the family members of the nuclear protein Fos, which includes c-Fos, Fos B, Fra1 and Fra2. 15 The Fos protein family, as well as Jun protein family members, such as c-Jun, JunB and JunD, together make up the activator protein 1 (AP-1) transcription factor. 16 Previous studies speculated that AP-1 could regulate the transcription of the target gene that play important roles in cell differentiation, proliferation, apoptosis and tumour transformation. [17] [18] [19] In our study, we screened for the higher expression of Fra1 in hyperplastic MG thymus using a gene chip, and a significant increase was detected for the expression of Fra1 in mTEC from MG thymus. Fra1 could regulate the expression of MMP-9 with STAT3 and induce the transcription of the target gene [20] [21] [22] ; Fra1 target genes include IL-6 and THBS. 23 These observations prompted us to analyse the role of Fra1 in TECs to investigate whether Fra1 had a regulatory effect on cytokines relating to abnormal thymocyte selection and differentiation in MG thymus.
In this study, we demonstrated that Fra1 could regulate the level of concerned cytokines secreted by mTECs, while STAT3 and SOCS3 were significantly involved in this process. In addition, based on our results, we propose that the overexpression of Fra1 in mTEC in MG likely participates in the formation of the abnormal thymic microenvironment seen in a MG thymus by exerting an effect on the secretion of cytokines.
| MATERIALS AND METHODS

| MG patients and control
Thymic tissue was obtained during corrective cardiovascular surgery (in non-myasthenic subjects, controls) or from therapeutic thymectomy (in MG patients) following informed consent. MG patients with thymoma and thymic atrophy were excluded from the study. MG patients (n = 15) were aged 16-30 years (8 females, 7 males). Control patients (n = 15) were aged 10-18 years (8 females, 7 males). All MG patients were on anticholinesterase treatment, and were not on steroidal drugs prior to surgery. The general description of MG patients is shown in Table S1 . 
| Analysis of immunohistochemical staining and immunofluorescence
| Isolation and culture of mTEC and retrovirus infection
Fresh thymic tissue was cut into small pieces after fascia was removed and disposed of with the tissue processor (Miltenyi Biotec Gentle MACS). Next, micro tissue samples and cells were seeded into the 6-well plate with a complete medium that contained Dulbecco's modified Eagle's medium, supplemented with 10% fetal calf serum (HyClone), penicillin, streptomycin (HyClone). The single colony was observed 7 days after cultivation. We selected a single colony and cultured the cells into a new plate. Cytokeratin5 positive cells were selected for further assay analysis. The mTECs used in repeated independent experiments were derived from 3 normal controls. Then 2 9 10 5 m TECs were added with a titre of 2 9 10 7 TU/ ml of lentiviral vector (infection efficiency ≥85%). The infection of two groups of mTECs acted on the premise that multiplicity of infection (MOI) was equal to 30. According to different lentiviral vectors, four groups were divided: Fra1 overexpression group (Fra1-OE), interference suppression of Fra1 expression group (Fra1-shRNA) and two kinds of empty vector control group, control-OE and control-IS. Construct Fra1 lentivirus expression vector (pCDH_CMV_MCS_EF1_copGfp-Fra1) and interference vector (pMAGic7.1-Fra1-shRNA), the shRNA, and genespecific primer sequences are all listed in Table S2 .
| Quantitative mRNA analysis
Total RNA from isolated thymic epithelial cells was further extracted using a TRIzol reagent (Life Technologies). The total RNA of thymic epithelial cells was reverse transcribed to complementary DNA using the PrimeScript TM RT reagent kit with gDNA Eraser (Takara). For real-time quantitative PCR, threefold serial diluted complementary DNA was used as a template with the specific primer sets described as below. Expression of IL-6, SOCS3, Fra1, IL-1ɑ, IL-1b, IL-8, ICAM1, CCL-2, CCL-5, CCL-19, CCL-21, b-actin and HPRT1 were detected, the gene-specific primer sequences are listed in Table S3 . Real-time quantitative PCR was performed using SYBR â Premix Ex Taq TM (Takara), and the data were analysed using 2 ÀMMCT .
| Western blot analysis
Cells treated with a lysis buffer (RIPA) containing protease and phosphatase Inhibitors (Sigma). The protein concentration was determined by the Pierce TM BCA Protein Assay Kit (Thermo Fisher Scientific). The protein samples were heated at 100°C for 10 minutes and separated on a sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Then, the protein was transferred to polyvinylidene difluoride (PVDF) membranes (Biosharp) using electro method. After blocking for 2 hours using 5% fat-free milk, the PVDF membranes were probed with dilutions of primary antibodies followed by incubation with secondary antibodies conjugated horseradish peroxidase (HRP) (ZSGB-BIO), and then visualized by the ImageQuant LAS 4000 mini Gel imaging system (GE Healthcare). Protein expression was quantified by inverted greyscale with ImageJ. Values were normalized to b-actin. The following primary antibodies were used: Monoclonal antibodies specific for STAT3(124H6), p-STAT3(Try750, D3A7) were purchased from Cell Signaling Technology, polyclonal antibody for SOCS3 was purchased from Cell Signaling Technology, CCL-5, CCL-19 and CCL-21 were purchased from Abcam. b-actin was purchased from Proteintech and Fra1 was purchased from OriGene.
| Cytokine analysis
Whole-cell extracts, lysed from treated cells, were clarified by centrifugation and were performed with relatively quantitative detection of human cytokines using Proteome Profiler TM Human Cytokine Array Kit (R&D System, Catalog No. ARY005B). Each cytokine detection film used 200 lg of total cell protein.
| Statistical analysis
The statistical significance was calculated with an unpaired one-tailed Student's t test. Once the hypothesis of normality was accepted (P < .05), one-way ANOVA was used. All calculations and justifications were performed using GraphPad Prism â version 5 software. P values of <.05
were considered significant.
| RESULTS
| Fra1 positive mTEC was increased in MG thymic tissue
A PCR chip was used to detect protein differentiation in patients and healthy participants. We found that Fra1, in the MG thymus, was significantly higher than in the controls ( Figure 1A ,B). Fra1 related to cell proliferation, apoptosis, migration and adhesion of endothelial cells. 24, 25 Furthermore, the activation of the AP-1 family promoted a variety of gene transcription, including cytokines, like IL1b, IL-2, IL-6, IL-8 and IL-10, which were the important factors for regulation of cell physiological and pathological function. 26 Next, we produced the tissue sections of the MG thymus and normal controls. According to the results of immunohistochemistry and immunofluorescence (Figure 1C,D) , it could be clearly seen that Fra1 located in thymus cortex, medulla; however the expression of Fra1 was higher in medulla than in the cortex, and was mainly expressed in the cytoplasm and the nucleus of mTECs. Besides that, in the MG thymic tissue sections, the expression of Fra1, in the medulla and corticomedullary junction was significantly higher than that in the control group. Collectively, we speculate that the upregulation of Fra1 in mTECs with MG affects the function of TEC, giving rise to the abnormal thymic microenvironment.
| mTECs overexpression of Fra1 increased the expression of thymic constitutive chemokines CCL-5, CCL-19 and CCL-21
CCL-2, CCL-5, CCL-19 and CCL-21 are constitutive chemokines expressed in the medullary region of the thymus. We detected the expression of these chemokines in the mTEC after Fra1 transfection. We found that mRNA and protein expression levels of CCL-5, CCL-19 and CCL-21 were significantly increased in the Fra1-OE group, but there was no significant change in the level of CCL-2 at the RNA level, while the expression of CCL-19 and CCL-21 were significantly downregulated in the Fra1-shRNA group, with the exception of CCL-5 ( Figure 2 ). These chemokines were related to inflammation as well as the differentiation and development of thymocytes. Some literatures shows that CCL-21 is increased in MG and involved in the formation of MG thymus germinal centres. 27 The results suggested that Fra1 could regulate the expression of CCL-21, CCL-19 and CCL-5 of mTECs, and we speculate that overexpression of Fra1 in mTEC may be the cause of the high CCL-21 environment.
| Fra1 negatively regulates the expression of some inflammatory cytokines such as IL-1, IL-6 and IL-8 in mTEC
To analyse the regulatory effect of Fra1 on other cytokines, we used protein expression microarray to detect a series of inflammatory cytokines in the mTEC infected by lentiviral vectors for 144 hours. The results showed that Fra1 had negative regulation on IL-1b, IL-6, IL-8, IL-10 and ICAM1 expression in the Fra1-OE group. Meanwhile, in the Fra1-shRNA group, there was a significant increase ( Figure 3) . The protein levels of IL-1ɑ was reduced in Fra1-OE groups and increased in the Fra1-shRNA group, although the mRNA level of IL-1a was upregulated in both groups (Figure 3) , which may be due to certain post-transcriptional events.
| SOCS3 was upregulated in mTECs overexpressing Fra1
SOCS3 was a major regulator that inhibited the activation of JAK kinase to prevent the normal phosphorylation of STAT3. 28 To verify the connection between Fra1 and SOCS3, we detected the expression of the two molecules at the transcriptional level. We detected the mRNA level of SOCS3 at 48, 96, 120 and 144 hours after lentivirus infection and found that the mRNA level of SOCS3 increased in the Fra1-OE group, and decreased in the Fra1-shRNA group ( Figure 4A ). Western blot analysis confirmed that the protein level also had a consistent change with the mRNA level ( Figure 4B) . Moreover, the level of phosphorylated STAT3 protein from Fra1-OE group was significantly lower than in the control group ( Figure 4B ). Taken together, the results indicated that some cytokines, including ICAM1, IL-1b, IL-6 and IL-8, had an opposite trend to SOCS3. These cytokines were downregulated in the Fra1-OE group and upregulated in the Fra1-shRNA group. Thus, we speculated that these cytokines affected by Fra1 were regulated by SOCS3.
| DISCUSSION
Fra1 is a member of the AP-1 family, which acts as the transit point in many cell signalling pathways. It plays an important role in accepting exogenous stimuli and regulating target gene transcription. Fra1 can be activated by inducing a variety of factors, as well as regulating several intracellular signalling pathways. 22 According to the thymus PCR chip analysis, we found that the expression of 30 The upregulated expression of CCL-21, in MG thymus, has been described thoroughly. 27 ,31 Hence, we suggested that the Fra1 overexpression in mTEC may induce the abnormal chemokine environment, such as high CCL-21 in MG thymus. SOCS3 is a member of the SOCS family, which effectively controls the autocrine and paracrine cytokines and can directly antagonize the STAT3 signalling pathway. [32] [33] [34] Under normal circumstances, the expression level of SOCS3 in the cell was low or not expressed, but some cytokines and growth factors, such as IL-2, IL-3, IFN-c, growth hormone (GH), were able to induced SOCS3 expression. 33 In this study, after interfering with the expression of Fra1 in mTEC for 144 hours, the downregulated expression of p-STAT3 and the upregulated expression of SOCS3 were observed in mTEC overexpressed Fra1. Furthermore, the expression levels of p-STAT3 and SOCS3 in the Fra1-shRNA group were opposite to the overexpressing Fra1 group. Meanwhile, inflammatory cytokines, like ICAM1, IL-1b, IL-6, IL-8 were downregulated in the Fra1-OE and genes from the mTECs after infected with lentivirus for 144 h in four groups (n = 10, mean AE SD). mRNA expression was normalized to bactin mRNA, and that in the control mTECs was arbitrarily set to 1. (B), Protein expression of target cytokines from four groups of cell lysate of mTECs; 1-5 represents ICAM1, IL-1ɑ, IL-1b, IL-6 and IL-8, respectively, and R is a reference point. The value of relative protein expression of indicated cytokines, of each group, was calculated in a way that inverted the greyscale of indicated protein spots of each group, which subtracts the greyscale of the corresponding reference spot (n = 4, mean AE SD). Values significantly different from controls are denoted with an asterisk (*P ≤ .05, **P ≤ .01, NS means no statistical significance) upregulated in the Fra1-shRNA group. The results implied that it was possible that these cytokines, effected by Fra1, were regulated by SOCS3. As for the relationship between SOCS3 and Fra1, we assumed that SOCS3 expression was not directly regulated by Fra1, but that Fra1 overexpression led to activation of cytokine, or other signal transduction, resulting in elevated expression of SOCS3. Thus, the expression of IL-1b, IL-6, IL-8 and others were regulated with a negative feedback. The chemokines, CXCL-13, CCL-21 and CXCL-12, are overexpressed in MG thymuses, [35] [36] [37] which could attract peripheral B cells, activate T cells and dendritic cells as well as contribute to GC development. 38 Although GC and B cells are not usually found in the healthy thymus, ectopic structures could develop in the thymus of female-dominant MG patients. 39 This could explain why antibodies against AChR are produced in a MG thymus. However, it seems that these antibodies are not the only antibodies that are synthesized. Inflammation was mandatory to reveal a chemokines ability to recruit B cells and to induce the development of GC in MG thymus. 40 Beside the above-mentioned chemokines, inflammatory cytokines, such as type I IFN, TNF-a, IL-6, and IL-17, are the potential molecules that produce a GC. 41 This inflammatory environment, together with neovascularization and the attraction of activated peripheral cells, lead to the MG thymus, which is very vulnerable to pathogenic mechanisms. 42 Hence, we suggest that the overexpression of Fra1 is an origin of the abnormal expression of these chemokines and inflammatory cytokines in mTEC. Furthermore, it may play a role in the formation of GC in a MG thymus. It has long been suggested that the abnormalities of the developmental environment of MG thymus is closely related to the pathogenesis. Studies have found that the expression of STAT3 in TEC is a basic condition that maintains the thymic structure and supports the survival of thymic cells. 34 Recent studies have shown that the STAT3 pathway plays a key role in maintaining the structure and function of mTEC. 43 Continuous activation of STAT3 in mTEC is a prerequisite condition for positive selection, which maintains the structure of the medullary region. The deletion of STAT3 results in mTEC reduction and a smaller thymic medulla. Therefore, if Fra1 affects the STAT3 signalling pathway in mTEC, it would not only affect mTEC secretion of cytokines, but it also may affect several other features of mTEC, which in turn can affect the normal maturation and differentiation of thymocytes and provide an opportunity to produce auto-reactive T cells. Whether or not the abnormal expression of Fra1, in mTEC of a MG thymus, can affect the negative selection process is a question that we intend to explore in our next study.
| CONCLUSIONS
In the present study, we have confirmed that Fra1 is overexpressed in MG and is mainly located in the mTEC. Constitutive chemokines CCL-5, CCL-19 and CCL-21 were increased with an overexpression of Fra1 in mTEC. Besides that, in the Fra1 overexpression group, we found that the expression of SOCS3 was increased and p-STAT3 was decreased, and some inflammatory cytokines have an opposite expression tend to SOCS3, including ICAM1, IL-1b, IL-6 and IL-8. These findings suggest that overexpressing Fra1 in mTEC, with MG thymus, could exert an abnormal effect on the secretion of inflammatory cytokines and that the SOCS3/STAT3 signal may be involved in this proceed.
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